A Gram-stain-negative, halophilic bacterium, designated strain BH195 T , was isolated from the sediment of the solar saltern pond located in Gomso, Republic of Korea. Strain BH195
A Gram-stain-negative, halophilic bacterium, designated strain BH195 T , was isolated from the sediment of the solar saltern pond located in Gomso, Republic of Korea. Strain BH195
T was a strictly aerobic, non-motile rod, which grew at pH 3.5-10.5 (optimum, pH 7.5), at 4-55 6C (optimum, 30 6C) and at salinities of 0.5-11 % (w/v) NaCl [optimum, 2-3 % (w/v) NaCl]. Phylogenetic analysis, based on 16S rRNA gene sequences, indicated that strain BH195 T belongs to the genus Idiomarina, showing the highest sequence similarity to Idiomarina salinarum ISL-52 T (97.4 %), Idiomarina homiensis PO-M2 T (96.8 %), Idiomarina aestuarii KYW314 T (96.7 %), and Idiomarina tainanensis PIN1 T (96.7 %). The major cellular fatty acids of strain BH195 T were iso-C 11 : 0 3-OH, iso-C 15 : 0 and iso-C 11 : 0 . The DNA G+C content was 51.3 mol% and the major respiratory quinone was ubiquinone 8. The major polar lipids were phosphatidylethanolamine, diphosphatidylglycerol, phosphatidylglycerol and an unknown phospholipid. DNA-DNA relatedness between strain BH195 T and I. salinarum KCTC 12971 T was 33 %. On the basis of this polyphasic analysis, strain BH195 T represents a novel species of the genus Idiomarina for which the name Idiomarina halophila sp. nov. is proposed. The type strain is BH195 T (5KACC 17610 T 5NCAIM B 02544 T ).
The family Idiomarinaceae belonging to the class Gammaproteobacteria, was proposed by Ivanova et al. (2004) . The family comprises three genera, Idiomarina, Pseudidiomarina and Aliidiomarina, which were proposed by Ivanova et al. (2000) , Jean et al. (2006) and Huang et al. (2012) , respectively. Species of the genus Pseudidiomarina were proposed to be transferred to the genus Idiomarina by Taborda et al. (2009) on the basis of the absence of distinguishing phenotypic and chemotaxonomic properties. Recently, Idiomarina maris was proposed to transfer to the genus Aliidiomarina by Chiu et al. (2014) . At the time of writing, the genus Idiomarina comprises 22 species with validly published names (Parte, 2014) . These bacterial species have been isolated from saline environments with a wide range of salinities, such as solar salterns, and coastal and oceanic waters. Members of the genus Idiomarina are Gram-staining-negative, strictly aerobic and moderately halophilic bacteria, which require NaCl for growth, over a salt range of, approximately, 0.5 % to 25 %. The bacteria are catalase-and oxidase-positive; the major fatty acids are primarily iso-branched fatty acids and Q-8 is the predominant ubiquinone. Phosphatidylethanolamine, phosphatidylglycerol and diphosphatidylglycerol are the major polar lipids and the DNA G+C content ranges from 45 to 54 mol% (Ivanova et al., 2000; Taborda et al., 2009) . In the course of screening the solar saltern sediment in Gomso, Republic of Korea for the isolation of halophilic bacteria, a novel, slightly halophilic, Gram-stain-negative bacterium, designated strain BH195 T was isolated.
Strain BH195
T was isolated from sediment of the solar saltern pond (35 u 359 43.640 N 126 u 369 44.860 E), which is located at the Byeonsan Peninsula on the Yellow Sea in Korea. It was isolated by diluting a sediment sample in sterile 10 % (w/v) NaCl solution, plating on marine agar 2216 (MA) medium (Difco) with the addition of 8 % (w/v) NaCl [final concentration, 9.95 % (w/v) NaCl] followed by aerobic incubation at 32 u C. The pH of this medium was adjusted to 7.2. The strain was subsequently purified three times by plating on the same medium, and was maintained on the same medium. The strain was stored at -80 u C on this medium without agar, supplemented with 20 % (v/v) glycerol. In order to characterize strain BH195
T phenotypically, the isolate was routinely grown aerobically on MA and in MB (Difco) for 2 days at 30 u C and pH 7.5, except where indicated otherwise.
The morphology of the isolate was observed by Gram staining and transmission electron microscopy (CM20; Philips) using cells from exponentially growing cultures. Motility was observed by light microscopy (Ecilipse 80i; Nikon) and the hanging drop method. The presence of endospores was determined by a specific endospore-staining test, using malachite green (Shaeffer and Fulton endospore stain kit; Sigma). Gram staining was performed by the Hucker method (Murray et al., 1994) . Catalase activity was determined by assessing bubble production by cells in 3 % (v/v) H 2 O 2 , and oxidase activity was determined using 1 % (w/v) N,N,N,N-tetramethyl-1,4-phenylenediamine reagent (bioMérieux). Hydrolysis of aesculin, casein, hypoxanthine, L-tyrosine, starch, Tween 80, xanthine and urea were tested as recommended by Smibert & Krieg (1994) . The DNase test was conducted using DNase test agar (Difco). Determination of acid production from carbohydrates, as well as utilization of carbohydrates as sole carbon and energy sources, activities of constitutive enzymes and other additional biochemical characteristics were assessed using API 50CH (with API 50CHB medium), API 20NE and API ZYM galleries, according to the instructions of the manufacturer (bioMérieux), but supplemented with 0.5 % (w/v) NaCl. To determine the optimal temperature and pH for growth of the strain, broth cultures were incubated in marine broth 2216 (MB, Difco) at 5-50 u C at intervals of 5 u C (including 28 u C and 37 u C) and at pH 3-10.5 at intervals of 0.5 pH units. The pH values of ,6, 6-9 and .9 were obtained by using citric acid/sodium citrate, Tris/HCl and glycine/ sodium hydroxide buffers, respectively. Growth at different salt concentrations (0, 0.1 and 0.5 %, w/v, and 1-30 %, w/v, in increments of 1 %) was tested in modified artificial seawater medium containing 0-30 % (w/v) NaCl (Lim et al., 2005) at pH 7.5. Growth was monitored from the turbidity at OD 600 by using spectroscopy (model UV-1650PC; Shimadzu). Anaerobic growth was determined by incubation in the BBL GasPak Anaerobic System (Difco) for 5 days at 30 u C on MA. Antimicrobial-susceptibility tests were performed on Mueller-Hinton agar plus 3 % (w/v) sea salts (Ventosa et al., 1982) seeded with a bacterial suspension containing 1.5610 6 c.f.u. ml -1 by using discs (ADVANTEC) impregnated with various antimicrobial compounds. Susceptibility to antimicrobial compounds was tested on plates containing the following: teicoplanin, 30 mg; amikacin, 30 mg; ampicillin, 20 mg; lincomycin, 15 mg; nalidixic acid, 30 mg; kanamycin, 30 mg; gentamicin, 10 mg; streptomycin, 10 mg; neomycin 30 mg; penicillin, 12 U; vancomycin, 30 mg; erythromycin, 15 mg; oleandomycin, 15 mg; amoxicillin, 10 mg; spiramycin, 100 mg; rifampicin, 10 mg; polymixin B, 50 mg; nystatin, 50 mg; bacitracin, 10 mg; tetracycline, 30 mg; cycloheximide, 30 mg; roxithromycin, 15 mg; spingomyelin, 30 mg; apramycin, 30 mg; salinomycin, 30 mg; hygromycin B, 30 mg; capreomycin, 30 mg; sisomycin, 10 mg; amphotericin, 2 mg; gramicidin S, 30 mg; phosphomycin, 30 mg; streptomycin 10 mg and chloramphenicol, 30 mg. Experiments were performed using Idiomarina salinarum KCTC 12971 Genomic DNA from strain BH195 T was prepared using a commercial genomic DNA-extraction kit (Solgent). The 16S rRNA gene was amplified by PCR with the forward primer 27F and the reverse primer 1492R (DeLong 1992). Direct sequence determination of the PCR-amplified DNA was carried out using an automated DNA sequencer (model ABI 3730XL; Applied Biosystems). Full sequences of the 16S rRNA gene were compiled using SeqMan software (DNASTAR). The 16S rRNA gene sequences of related taxa were obtained from GenBank and the identification of phylogenetic neighbours and calculation of pairwise 16S rRNA gene sequence similarities were achieved using the EzTaxon-e server (http://www.eztaxon-e.ezcloud.net/) (Kim et al., 2012) . The 16S rRNA gene sequence was aligned with published sequences of closely related bacteria using CLUSTAL W 2.1 software (Larkin et al., 2007) . Gaps at the 59 and 39 ends of the alignment were omitted from further analyses. Phylogenetic trees were reconstructed using three different methods: the neighbour-joining (Saitou & Nei, 1987) , maximum-likelihood (Felsenstein, 1981) and maximumparsimony (Fitch, 1972) algorithms within the MEGA5 program (Tamura et al., 2011) . Evolutionary distance matrices for the neighbour-joining method were calculated using the algorithm of the Kimura two-parameter model (Kimura, 1980) . To evaluate the stability of the phylogenetic tree, a bootstrap analysis (1000 replications) was performed (Felsenstein, 1985) . The 16S rRNA gene sequences used for phylogenetic comparisons were obtained from GenBank and their strain designations and accession numbers are shown in Fig. 1 . To determine genomic relatedness, DNA-DNA hybridization was performed using the modified method of Ezaki et al. (1989) . Probe labelling for DNA-DNA hybridization was conducted by using the non-radioactive DIG-High prime system (Roche); hybridized DNA was visualized using the DIG luminescent detection kit (Roche) and the level of DNA-DNA relatedness was quantified by using a densitometer (Bio-Rad).
Isolation of DNA (Saito & Miura, 1963) and determination of the DNA G+C content was performed by HPLC (Shimadzu SPD-10AV), as described by Mesbah et al. (1989) . For the analysis of fatty acids, strain BH195
T was cultured on MA at 30 u C and cells were obtained in the late-exponential growth phase, as for reference strains. Cellular fatty acids were extracted and analysed by GC (Agilent Technologies 6890N) according to the standard protocol of the Sherlock Microbial Identification System (version 4.5; MIDI database TSBA40 4.10). For analysis of quinones, cells were harvested in the late-exponential phase and freeze-dried. Isoprenoid quinones were extracted and analysed by HPLC (Shimadzu SPD-10AV), as described by Collins & Jones (1981) .
The detailed morphological, physiological and biochemical properties of strain BH195
T are shown in the species description. The phenotypic characteristics of strain BH195 T , showing that it was closely related to species of the genus Idiomarina but differentiated from them, are summarized in Table 1 . Strain BH195
T could be distinguished from closely related species from growth over 45 u C and below pH 5.0. Aesculin, gelatin and urea are hydrolysed, but DNA and tyrosine are not. Strain BH195
T utilized D-galactose, D-mannose, sucrose and lactose, but not D-glucose. It was susceptible to ampicillin and chloramphenicol, but resistant to streptomycin.
The almost-complete 16S rRNA gene sequence (1489 bp) of strain BH195
T was obtained and used for initial BLAST searches in GenBank and for phylogenetic analysis. Phylogenetic analysis based on 16S rRNA gene sequences indicated that strain BH195 T belonged to the genus Idiomarina. Strain BH195
T showed the highest levels of 16S rRNA gene sequence similarities to I. salinarum ISL-52 T (97.4 %), I. homiensis BPO-M2 T (96.8 %), I. aestuarii KYW314 T (96.7 %), and I. tainanensis PIN1 T (96.7 %). The 16S rRNA sequence similarity with the other species of the genus Idiomarina was below 96 %. Phylogenetic analysis based on 16S rRNA gene sequences showed that strain BH195
T fell into the branch of the genus Idiomarina. The members of the genus Idiomarina formed an independent lineage in the phylogenetic trees using all three algorithms (Figs 1, S1 and S2, available in the online Supplementary Material). In the neighbour-joining tree, strain BH195 T and I. salinarum ISL-52 T formed a separate lineage within the cluster in the genus Idiomarina with a 68 % bootstrap value (Fig. 1) . Maximum-likelihood and maximumparsimony methods resulted in the same tree topology, but only neighbour-joining results are shown. Furthermore, in accordance with its phylogenetic position, strain BH195 T displayed a distinctive pattern of signature nucleotides at various positions of the 16S rRNA gene sequence as 
Idiomarina salinarum ISL-52 T (EF486355)
Idiomarina halophila Strain BH195 T (KF963828)
Idiomarina loihiensis L2-TR T (AF288370) Idiomarina ramblicola R22 T (AY526862) Idiomarina abyssalis KMM 227 T (AF052740)
Idiomarina baltica OS145 T (AJ440214)
Thalassomonas viridans XOM25 T (AJ294747)
Colwellia psychrerythraea ATCC 27364 T (AB011364) Gallaecimonas pentaromativorans CEE_131 T (FM955223)
Glaciecola punicea ACAM 611 T (U85853) compared with the three rRNA groups described for the genus Idiomarina (Taborda et al., 2009; Wang et al., 2011) , and hence could be assigned to rRNA group 2 of the genus Idiomarina (Fig. 1) . Thus, DNA-DNA hybridization was performed between strain BH195 T and I. salinarum KCTC 22740 T ; the level of DNA-DNA relatedness was 33 %, which was significantly lower than the 70 % threshold value recommended for the assignment of genomic species (Wayne et al., 1987) . The DNA G+C content of strain BH195 T was 51.3 mol%. Strain BH195 T contained ubiquinone 8 (Q-8; 95 %) as the predominant respiratory quinone, which was in agreement with all members of the genus Idiomarina. A minor amount of Q-7 (5 %) was also present. The cellular fatty acid profile of strain BH195
T comprised . Data for reference strains are from this study unless indicated otherwise. All strains are moderately halophilic aerobes comprising rod-shaped, Gram-stainnegative cells. All contain Q-8 as the major ubiquinone. All strains are positive for catalase and oxidase activity and for the production of alkaline phosphatase and a-chymotrypsin, but negative for the hydrolysis of starch and for the production of a-or b-galactosidase, a-glucosidase, N-acetylb-glucosaminidase and a-fucosidase. +, Positive; 2, negative. 
51.3 53.9* 45.1D 56.4d 46.9 § *Data from Yoon et al. (2007) . DData from Kwon et al. (2006) . dData from Park et al. (2010) . §Data from Jean et al. (2009) .
Idiomarina halophila sp. nov.
saturated and unsaturated fatty acids and was close to those of species of the genus Idiomarina, containing predominantly iso-C 11 : 0 3-OH, iso-C 15 : 0 and iso-C 11 : 0 and moderate amounts of iso-C 13 : 0 3-OH, iso-C 17 : 1 v9c, C 17 : 0 10 methyl and iso-C 17 : 0 (Table 2) , which was in agreement with those of the type strains of species of the genus Idiomarina with validly published names. The presence of iso-C 11 : 0 3-OH at the highest percentage distinguished strain BH195 T from other species of the genus Idiomarina ( Table 2 ). The major polar lipids detected were phosphatidylethanolamine, diphosphatidylglycerol and phosphatidylglycerol, which was in accordance with the strain representing a novel species of the genus Idiomarina (Taborda et al., 2009) . The isolate also contained minor amounts of an unknown aminophopholipid and unknown phospholipids (Fig. S3) .
On the basis of the distinctive morphological, physiological and chemotaxonomic properties of strain BH195 T , it is concluded that the strain represents a novel species, for which the name Idiomarina halophila sp. nov. is proposed.
Description of Idiomarina halophila sp. nov.
Idiomarina halophila [ha.lo'phi.la Gr. n. hals, haloes salt; N.L. fem. adj. phila (from Gr. fem. adj. philê), friend, loving; N.L. fem. adj. halophila salt-loving).
Cells are Gram-stain-negative, non-motile, strictly aerobic rods. 0.3-0.6 mm61.6-3.8 mm in size. Endospores are not observed. Colonies are circular, smooth, opaque, entire, light yellow, and 1.5-3.0 mm in diameter after two days of incubation at 30 u C on MA. Growth occurs at 4-55 u C (optimally at 30 u C), pH 3.5-10.5 (optimally at pH 7.5) and 0.5-11 % (w/v) NaCl (optimally at 2-3 % NaCl). Catalase-and oxidase-positive. Nitrate is reduced to nitrite. Negative results in tests for the production of indole, for the fermentation of glucose and for nitrite reduction. Acid is produced from Dfructose, amygdalin, arbutin, aesculin, cellobiose, sucrose, trehalose and glycogen (API 50CHB). Enzyme activity is observed for alkaline phosphatase, esterase (C4), esterase lipase (C8), leucine arylamidase, valine arylamidase, cystine arylamidase, trypsin, a-chymotrypsin, naphthol-AS-BIphosphohydrolase and b-glucosidase, but not for lipase (C14), acid phosphatase, a-galactosidase, b-galactosidase, b-glucuronidase, a-glucosidase, N-acetyl-b-glucosaminidase, a-mannosidase and a-fucosidase (API ZYM). The major cellular fatty acids are iso-C 11 : 0 3-OH, iso-C 15 : 0 and iso-C 11 : 0 . The predominant ubiquinone is Q-8. The major polar lipids are phosphatidylethanolamine, diphosphatidylglycerol and phosphatidylglycerol.
The type strain, BH195
T (5KACC 17610 T 5NCAIM B 02544 T ), was isolated from the sediment of a solar saltern in Gomso, Buan-gun, Chunbuk, Republic of Korea. The genomic DNA G+C content of the type strain is 51.3 mol% (HPLC). 
